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demonstration took place in Waterloo, Iowa, at a Corps of Engineers flood
control project on the Cedar River.

2 Various in-use retrofit noise control measures for reducing the noise of pile

drivers were investigated: alternative pile driving techniques, mufflers,
noise enclosures, impact cushions, and vibration damping of piles. Costs and
productivity impacts associated with the noise control measures were also
examined. Costs were developed in units of dollars per pile. Productivity
was identified in terms of the time to set up and drive a pile. The ability
of a general construction contractor to bid on a noise specification, and then
obtain and implement the noise control measures during the construction
project were a part of the demonstration.

Retrofit of the standard impact pile driver with a noise enclosure and muffler
provided a noise reduction of 10 dB. An alternative pile driver to the
standard impact pile driver, the vibratory hammer, provided a 17-dB noise
reduction. Both of these noise reductions were limited by other construction
activity noise. Total weekly costs of the various test configurations were
developed. There is some uncertainty, however, with the results for
productivity, that is, the time to set up and drive a pile. This uncertainty
is a result of a number of factors, the principal one of which is the lack of
sufficient data for statistical confidence limits. The added total weekly
costs associated with the noise control retrofit measures, enclosure and
muffler, were very small. The vibratory pile driver took the longest time to
drive a pile. The noise enclosure and muffler had no significant impact on
the time to drive a pile. The enclosure did require a longer set up time, but
a longer duration test is required to substantiate these productivity data.
The Corps of Engineers'use of a detailed contract bid document specifying
noise control requirements was successful. Based solely on the bid

specification, the contractor bid the job, fabricated, and implemented the
noise control measures receiving no assistance from the acoustical

consultant. The flood control site was also used to demonstrate that a slight
shift in a material trucking route can result in a significant reduction in
offsite noise impact. By re-routing trucks to and from the site, only five
homes were exposed to the truck noise compared to a total of 42 homes on the
primary route.
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This project was a joint effort of the Environmental Protection
Agency (EPA) Office of Noise Abatement and Control (under Interagency
Agreement EPA-78-D-H0234), and the U.S. Army Corps of Engineers, Construction
Engineering Research Laboratory (CERL), Environmental Division.

The Corps of Engineers, Directorate of Civil Works, participated by
providing the site for study and allowing the noise demonstration program to i
take place as a part of the flood control project at Waterloo, Iowa. Many
individuals in the Civil Works Directorate in Washington, in Rock Island
District, and the area office at Waterloo, Iowa, aided in the design and i
execution of this study. Without the expert assistance of these individuals
and groups, the study would not have been possible. }

This report was prepared by Dames & Moore under CERL contract number
08684-004-10. Dr. Paul Schomer was the CERL principal investigator and ]
contract monitor. Dr. L. R. Shaffer is Technical Director of CERL and Colonel
Louis J. Circeo is Commander and Director. Dr. R. K. Jain is Chief of the
Environmental Division. ﬂ
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1.0 INTRODUCTION

1.1 Program Objectives

The Noise Control Act of 1972 as amended by the Quiet Communities Act of
1978 specifically cites construction equipment as an area of concern with
respect to noise. The U.S. Environmental Protection Agency's Office of Noise
Abatement and Control (EPA/ONAC), in addition to its regulatory activities,
has sponsored studies on construction equipment noise emissions and control,
as well as research on the effects of noise on public health and welfare.

Executive Order 12196, dated February 26, 1980, requires Federal agencies
to take the lead in environmental protection. As a result, the U.S. Army
Corps of Engineers' Construction Engineering Research Laboratory has supported
a research program on construction noise control as it relates to U.S. Army
operations. Such research has included establishing specifications to be used
in construction contracts to limit the permissible noise, methods to test
compliance with specifications, assembly of methods to attenuate site noise,
and assembly of other background information, such as expected noise levels
and costs.1»2,3"

The findings of these earlier studies led to the undertaking of a
demonstration program designed to identify techniques for noise attenuation of
pile driver operations and materials transportation and to evaluate these
techniques using a cost-effectiveness framework.* CERL and EPA/ONAC through
an interagency agreement then developed a work plan to demonstrate that pile
driver and material transportation noise control can be accomplished through
retrofit controls with minimal outside assistance to the contractor for only a
smali percentage of the total project cost. Dames & Moore was selected to
serve as a consultant to CERL, and Corps of Engineers/Civil Works Directorate
(CW) cooperation was solicited for the use of a site for the demonstration.
The Cedar River flood control site in Waterloo, Iowa, was selected. Various
noise mitigation methods and attendant costs were evaluated, and a contractor
bid document was prepared.

*Superscript numbers refer to reference list beginning on page 56.




The contract was bid and Shappert Engineering Company was selected as
prime contractor.” Shappert was the low bidder on the total flood control
project with a bid of $2,898,992.50. This compared to the CW estimate of
$2,960,697. Shappert's estimate for the demonstration project was $22,000 for
performing the test. The CERL estimate for the demonstration project was
$18,500. Four other bids for the noise control demonstration project ranged
from $22,000 to $30,000.3

Shappert Engineering, without soliciting or requiring any outside expert
acoustical assistance, designed the noise control equipment to retrofit a
standard pile driver from suggested designs provided in the bid document.
Shappert also selected an alternative pile driver and equipment from a
suggested list.

The demonstration of pile driver noise control was conducted August 22-29,
1979 at a flood control site on the Cedar River in Waterloo, Iowa. All noise
measurements were made by CERL. Cost data, progress, and operational
constraints were observed and noted during the test duration.

This report presents the results of a collaborative effort between
EPA/ONAC and CERL to demonstrate available retrofit controls for reducing
construction site noise associated with pile driving operations in a manner
that is both practicable and cost-effective. The problems of pile driver
noise and appropriate mitigative measures have been examined, as it has been
determined that pile drivers are one of the louder sources of noise on a |

construction site (see Table 1).

*Names and addresses of manufacturers and products referred to in this
report are listed in Appendix D.

Note: Nomenclature used in this report is defined in Appendix E.

10
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Table 1. Typical Construction Site Equipment
A-weighted Sound Levels (dB)

Construction Equipment

Dump truck

Portable air compressors
Concrete mixer (Truck)
Paving breaker

Scraper

Dozer

Paver

Generator

Pile driver

Rock drill

Pump

Pneumatic tools
Backhoe

Source:

Typical
Sound Level
at 15 Meters

88
81
85
88
88
87
89
76
101
98
76
85
85

Reference 6
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Four specific objectives have been realized through this noisc control
demonstration. They are:

- | L to demonstrate that pile driver noise can be reduced through retrofit
controls incorporated at the construction site,

& L to show that the bid document can be effectively utilized to effect
noise control,

o to affirm that a construction contractor is capable of a realistic
noise control bid estimate which will closely approximate his
actual costs, and

° to give evidence that a construction contractor can effectively
minimize construction site noise without extensive instructions or
outside technical assistance.

This demonstration program also quantified the costs and noise reductions
of the noise mitigation procedures selected. It also considered alternate
trucking routes to and from the site as a means to mitigate other site noise
impacts.

1.2 Planning the Demonstration 4

§ 1.2.1 Work plan development ;

r’ A work plan was developed which outlined the approaches to be taken to

| test the pile driver roise mitigation methods. Manufacturers and users of

L pile drivers were identified and contacted for information, literature was
| reviewed for further data on means of mitigating construction site noise, and

i noise sources were identified and analyzed. From this, a combination of
techniques for existing retrofit noise control were selected for use in the
demonstration project. An estimation was made of the pile driver noise

reduction that could be achieved by implementing the proposed methods of noise
control, and costs of the different control methods were compared.

1.2.2 Selection of demonstration site

Various sites across the country were evaluated for their suitability for
this demonstration. A Corps of Engineers civil works (CW) construction site

12 1
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in Waterloo, Iowa, was chosen as the most acceptable of the available sites.
Joint meetings were held between EPA/ONAC, CW, and CERL to secure the final
commitment of CW to participate in the demonstration and to include the noise
demonstration program in the bid specifications at the Waterloo, lowa,
construction site.7

1.2.3 Various noise mitigation methods and costs

The available measures for noise control are typically divided into three
categories: attenuation of noise at its source, reduction of the sound
traveling along its path, and minimization of the amount of noise received by
the listener. The contractor is faced with a wide range of noise control
techniques. He can apply existing technology to retrofit his equipment, he
can substitute quieter equipment, he can put up barriers, he can issue
protective devices to workers, and more. The challenge is to implement
effective practicable means to control noise at reasonable cost.

Substitution of quieter equipment can be a feasible solution, although it
may be the most expensive. For example, an earlier CERL report concluded that
the "use of two quieter machines of lower capacity in lieu of one standard
machine not only costs more, but is of questionable noise control value. The
total noise exposure may be significantly longer, thus negating the somewhat
lower noise levels.?2

Supplying workers with protective devices for their ears is also a
possibility, and certainly an economical one, but here the tradeoffs are
inadequate protection for nearby noise-sensitive areas.

Retrofitting equipment can be a feasible solution, but again, it may be
expensive. As with any noise control technique, there are the capital costs
to retrofit (materials, design, construction, and installation) and there may
be increased operating costs which result from higher maintenance expenses,
lower worker productivity, etc.

In this report, the feasibility and costs of two mitigative measures were
examined: the retrofitting of a standard pile driver and the substitution

13
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of a quieter vibratory pile driver. The alternative pile driver chosen for
the demonstration was a MKT V-20 vibratory pile driver manufactured by
McKiernan-Terry. Performance data and costs for this unit were compared to
the costs and performance of retrofitting a standard Vulcan hammer with noise
control devices including an exhaust muffler, an impact cushion, a hammer
impact area enclosure, and damping for the piles. Data were also obtained for
a pneumatic, air-cushioned Bolt hammer unit (Chelminski pile driver) which was
demonstrated by Bolt Associates at their plant and not as a part of the
demonstration project.

Cost elements included were such items as the contractor's materials,
design, construction and installation costs (i.e., the capital costs), and some
of the operating costs. Because of the relatively short duration of this
demonstration, such factors as worker productivity and maintenance
differentials could not be assessed. Driving time was assessed in terms of
blows per unit time. The selection of alternate routes for the transportation
of materials to and from the construction site was also studied.

1.2.4 Contractor bid document

Draft specifications were developed and incorporated into the CW bid
documents as a separate bid item. These specifications were such that all of
the five contractors who bid on the project were able to provide realistic
do1lar bids and none found it necessary to require additional information from
either CERL or CW.” The CW bid specifications are included as Appendix A.

The cost of developing the bid specifications is not included in the analysis
of this demonstration.

14
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2.0 DEMONSTRATION SITE

2.1 Description

The U.S. Army Corps of Engineers flood protection project at the
confluence =€ Virden Creek and Cedar River in Waterloo, Iowa, was selected as
the demonstration site. A pumping station was to be constructed on Virden
Creek; piles were required for both a gravity outlet structure and the pumping
station itself. The piles, concrete, and other construction materials had to
be transported from an offsite concrete batch plant onto the construction
site. A sketch of the construction site is shown in Figure 1.4

2.2 Nearby Noise-Sensitive Areas

Since the construction site is bounded by the Cedar River and the Iowa
Pubiic Service power plant, no noise-sensitive areas bound the construction
site. The nearest residences are along Lafayette Street east of Utica
Street. There are no noise-sensitive areas to the west of Utica Street. A
public boat launching facility and a park are located up-river (west) of the
site.

The Lafayette Street residences are affected by trucks bringing materials
to the site. Truck traffic noise control is discussed in Section 5.0.

2.3 Flood Control Project

The CW flood control project is a $40,000,000 effort involving 20 miles of
levees and floodwalls, a pumping station, and a gravity outlet for water
flowing into Cedar River from Virden Creek, among other structures. Under
normal conditions the gravity outlet, which is basically a culvert with a
gate, is open to allow Virden Creek water to flow by gravity into Cedar
River. However, when the Cedar River floods, the gravity outlet gate is
closed so that Cedar River water will not back up into and flood Virden
Creek. With the gate closed, however, Virden Creek water can no longer flow
into Cedar River, resulting in the flooding of Virden Creek. Therefore a pump
station is also being built to house three large pumps which have been designed

15
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to handle Virden Creek water capacity under flood conditions by actively

pumping water out of Virden Creek downstream into Cedar River, bypassing the
gate a]together.8

2.4 Types and Numbers of Piles Used

The 17 piles used in the demonstration project were driven as part of 36
piles used in the construction of the gravity outlet structure as shown in
Figure 2. The piles were .46 m (18 in.) round pipes which were later filled
with concrete.

Note in Figure 2 that the piles are numbered from 3 to 17. No sound level
measurements were obtained when the first two piles were driven. The piles
were numbered by CERL as they were driven; these numbers do not necessarily
agree with Shappert Engineering's numbering of the piles.

2.5 Standard Pile Driver

A Vulcan single-acting pile driver (hammer) size 010 was selected by
Shappert Engineering Company as the standard unit. The "Decelflo" muffler was
an off-the-shelf unit made by Vulcan and the enclosure was designed by
Shappert to fit the Vulcan hammer. The performance specifications for the
Vulcan 010 are presented below.

VULCAN SINGLE-ACTING PILE
HAMMER SIZE 010 SPECIFICATIONS?

Rated Striking Energy 32,500 ft. 1b. 4,495 kgm

Blows per Minute @ Rated Pressure 50 50

Nominal Stroke 3.25 ft, 990 mm

Striking Velocity @ Impact 14.51 FPS 4.42 m/sec

Air Consumption 1,002 CFM 28.36 cu m/min
(Adiabatic Compression)

Diameter of Piston 16.5 in. 419 mm

Weight of Striking Parts 10,000 1bs. 4,545 kg
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2.6 Normal Haul Truck Transportation Route

The primacy route for the transportation of materials from the nearby
concrete plant to the site is along Lafayette Street, East/West First Street,
~‘ and East/West Mullan Avenue, as displayed in Figure 3. This primary route
passes by a number of homes on Lafayette Street. An alternate route utilizing
Sycamore Street parallel to Lafayette Street can be used, which does not pass
by a major residential area. The alternate route is also shown in Figure 3.

CONSTRUCTION OF
GRADE CROSSING

KEY:

PRIMARY AOUTE
o o == wa  ALTERNATE ROUTE

Figure 3. Primary and Alternate Trucking Routes
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3.0 PILE DRIVER NOISE CONTROL

3.1 Pile Driver Description

3.1.1 Operating mechanisms

A pile driver is commonly a mechanism with a large weight (hammer) for
driving piles* into the ground to support a bridge, building, or other
structure. Originally hammers were simply dropped from the top of the leads**
onto an anvil or base surface to transmit a blow to the pile underneath it;
hence the name "drop hammer" is sometimes used. Most impact hammers today,
however, are of the air pressure, steam, or diesel type. Figure 4 is a photo
of the standard pile driver used in the “emonstration.

Air and steam hammers contain a piston ¢r ram lifted vy steam pressure or
compressed air which is then allowed ‘: fcee-fall onto the anvil. Figure 5
shows a sketch of a single-acting air/steam unit. The ram of a ¢iesel hammer
is lifted by the energy released fram fuel and gas combustion in a chamber
between the bottom of the ram arnd the anvil. Thus on each impact, fuel
injected into the chamber ignites and raises the hammer again. Figure 5 also
shows a sketch of diesel hammers. The hammers of the air, steam,and
diesel-driven pile drivers are called "single-acting" when the hammer fall is
due to gravity alone. If on the down cycle the hammer is assisted by steam or
air pressure, the hammer is called "double-acting," "compound," or
"differential" according to its specific construction.ll

3.1.2 Noise-producing mechanisms

The three primary sources of noise from pile drivers are the steam or air
exhaust just as the hammer is about to fall, the hammer striking the anvil,

*Piles can be timbers, beams, pipes filled with concrete or other similarly
shaped materials.

**_ eads are the guides running parallel to the hammer which are suspended
from the top of the 1ifting crane and hold the pile driver mechanism.




Photograph of Standard Unit

Figure 4.

(Vulcan)
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Figure 5. Sketches of Pile Driver Operation
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and the ringing sound characteristic of vibrating metal piles. The level of
these noises (i.e., their A-weighted sound levels) varies with the types of
hammer and pile being driven as well as with the character of the underlying
soil and the construction site ]ayout.12 The exhaust and impact noise are
about equal in level. The noises produced are of short duration (less than
one second), but because of their level and character, these noise emissions
are often quite annoying and at times even painful to the listener if they are
not muffled in some way.

3.1.3 Annoyance characteristics

v Pile driver noise is a major irritant because the sound is impulsive and
. because the high levels typically rise far above the ambient. As many studies
and reports by individuals have shown, impulsive sounds may be judged more

annoying than non-impulse sounds and sounds far above the ambient are more
easily detected (by peop]e).13

o 3.2 Noise Control Techniques

3.2.1 Retrofit

The retrofitting of pile drivers with noise control devices is one of
three previously mentioned means of reducing noise. Several techniques are
available which involve retrofitting existing pile hammers with mufflers or
other acoustical treatment in order to attenuate the noise from the impact,
the exhaust, the pile ringing, or all three. In this demonstration program,
four different retrofit devices were added to a standard pile driver unit.
The particular characteristics of each of the retrofit devices are outlined
below:

3.2.1.1 Enclosure

dbncaniiil

This device is basically a long, acoustically-treated metal box, which is

ys

attached to the hammer and shields the impact area when the hammer/anvil
strikes the pile (see Figures 6 and 7)., The enclosure, designed and built

23
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Figure 6.

Schematics of Enclosure and Muffler
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Figure 7. Photograph of Enclosure
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by the contractor, was made of 18-gauge steel sheet metal, and enclosed both
the hammer and hammer guides for a total length of 3.55 m (11 ft. 10 in.). It
was lined on the inside with acoustic (sound-absorbing) foam to reduce the
build-up of sound within the encliosure due to reverberation.”

A 1.2-m (4-ft.) vinyl skirt was attached to the bottom of the enclosure.
Thus, it extended from the bottom of the enclosure so as to completely enclose
the impact area. A .25-m (10-in.) Plexiglass window was installed in the
enclosure and a flexible plastic window of similar size was installed in the
skirt so that the hammer impact action could be observed by the workers.

Appendix B contains some information provided by Shappert Engineering
Company on design details of the enclosure. The noise reduction capability of
the enclosure, predicted from analysis, is given below:

Octave Band Center Frequency-Hz 31.5{63{125(250{500|1K| 2K |4K|8K
Enclosure Noise Reduction-dB 31 6] 101 17} 22|27|32}37{41

3.2.1.2 Muffler

The ram of the Vulcan pile driver is raised by compressed air, and then
using the force of gravity, is dropped onto an anvil which transmits a
downward force onto the pile (see Figure 5). Associated with the free-v,1! of
the ram is the sudden discharge of this air through an exhaust port. The
noise produced by this large air pressure pulsation can be attenuated by
installing a muffier on the exhaust port.

An "off-the-shelf" muffler that provides at least 15 dB (A-weighted) of
noise attenuation was available from Vulcan Iron Works, Inc. The muffler was
specifically designed for use on the exhaust ports of the Vulcan air and steam-
driven pile hammers (see photo, Figure 8). These "Decelflo" mufflers are
available at a cost of approximately $3,457.00 (9/11/78). Relatively few have
been manufactured and they are thus not available for rental. One of the main
advantages to the Vulcan muffler is that it is designed to attach conveniently

*The sound Tevel increase due to reverberation may be as high as 12 dB;
the acoustic treatment may reduce this by as much as 10 dB.
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to the hammer and be guided by the leads in the same manner as the hammer,
Other mufflers at lower costs are available from independent muffler
manufacturers such as the Donaldson Company, Burgess Manning, and others.
However, many of these models may require extensive and costly rig
modifications to accommodate the muffler to the pile driver such that the
muffler is able to withstand the severe mechanical shocks.

3.2.1.3 Pile damping

Noise reduction may also be achieved by applying energy-absorbing
materials to the piles to mitigate the ringing noises associated with
vibrating steel piles. In this demonstration, a water-based damping compound
was applied in an unconstrained form in rings about 0.025 m (1 in.) thick at
2.4-m (8-ft.) intervals on the piles. As discussed in a later section, the
application of damping material of this form proved to be time-consuming and
therefore very expensive.

An alternative procedure to reducing the pile vibration has been suggested
but not examined in this demonstration, principally due to the limitation of
funds. It consists of strapping worn-out rubber tire tubes to the pile at
2.4-m (8-ft.) intervals. These are cut off as the pile reaches ground level
and may then be reused.

3.2.1.4 Impact cushion

An impact cushion acts as a vibration isolator to reduce vibration
transmitted to other parts of the pile driver, thereby reducing noise. At one
time, this cushion was a 0.05 to .10-m (2-4-in.) wooden block developed to
prolong anvil life and the pile head by placing it between the anvil and the
pile head. Over the years it has been modified and improved. Currently the
impact cushion is constructed of 0.1 to 0.3-m (4 to 12-in.) alternating iayers of
.006-m (.25-in.) sheet aluminum and .0127-m (1/2-in.) sheets of phenolic
material which must be cut to the proper dimensions to fit the bonnet (see
sketch). These pads require occasional replacement. In this study, the
standard phenolic material was replaced with 1-in. (0.025-m) elastomeric
material obtained from Peabody Noise Control, Inc.

28




ANy SN

e T om

3
[T SO

2.5 in., ——us

Steel - 1.5 in.
"]
6 layers of
alternating
' Aluminum (1/%- in.)
and Flexoply (1/2 in.)
e’ ~_ L___.

—
~\\\\\\\\\Steel -2 in.

Steel - 1 in.

Cross-Section of Bonnet
For VULCAN 10 Pile Driver

There were many uncertainties surrounding the use of elastomeric materials
in the impact cushion. These concerns include the effect on driving time,
durability, and costs. These concerns were to a small degree addressed in the
demonstration. This is discussed further in section 4.3 of the body of the
report.

3.2.2 Alternative pile drivers

Various alternatives to the conventional steam, air, or diesel-driven pile
drivers were assessed. Pre-drilled concrete piles, vibratory pile drivers,
air-cushioned pile drivers, hydraulic ("English") pile drivers and “"Benoto"
(rotation technique) pile drivers were all acceptable alternatives. Shappert
selected a vibratory pile driver manufactured by McKiernan-Terry (MKT V-20)
for use in the demonstration (see Figure 9) from a suggested list of
equipment. The selection was based primarily on equipment availability, costs
of rental and shipping, and the contractor's previous experience in using this
type of equipment.
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3.2.2.1 Vibratory pile driver

As an alternative to driving piles with a hammer, a vibratory force
generator powered by an electric or hydraulic motor is occasionally used. The
advantages to this method are primarily lower noise levels and rapid rates of

soil penetration. In one demonstration comparing its performance to that of a

standard single-acting steam hammer, the steam hammer sank a pile 20.4 m (67
ft.) in 90 minutes versus 21.6 m (71 ft.) in 42 seconds for the vibratory
unit.14 This is possible because the vibratory force generator provides a
much higher frequency of thrusts to the pile than the conventional hammer.
This more rapid thrust motion keeps the soil in an agitated state, thereby
reducing frictional force and making the pile easier to drive. In addition,
vibratory drivers are very effective pile extractors for use in any type of
soil.

The main disadvantage to vibratory units is that their effectiveness
depends very much on soil conditions, as they are unreliable in cohesive soils
such as heavy clays, and are thus not suitable for all pile driving
appiications. In addition, extreme care is needed when using vibratory
drivers in built-up areas to prevent the excessive surface settiements around
existing structures due to soil agitation which are associated with using
these pile drivers in granular soils.

3.2.2.2 Bolt unit/Chelminski design

Conventional hammers are less than optimally energy-efficient in that much
of the impact energy is often dissipated through the cushion blocks and
driving heads on impact. The Bolt unit has been designed to minimize this
loss of energy through the use of a cushion of compressed air or steam,

Rather than coming in contact with an impact cushion as with conventional pile
drivers, the hammer rebounds from this cushion of air or steam. More energy
is thus redirected to assist in raising the hammer again and less energy is
dissipated as noise. Invented by Chelminski and developed by Bolt Associates,
Inc., of Norwalk, Connecticut, this pile driver has undergone extensive
redesigning to reach its present efficiency. Its main advantages are:
decreased noise levels due to no metal-to-metal contact on hammer impact; no
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pile cushions and helmets (and their attendant extra costs) necessary; higher
energy efficiency than the standard unit;* and the simplicity of design with
very few moving parts (see Figures 10 and 11). In addition, this unit has the
unique quality of having four separate driving modes which adjust to
accommodate varying soil conditions during driving operations as well as being
automatically self-regulating according to encountered soil resistance.

The main disadvantage of the Bolt unit is its relatively high capital
cost. Its purchase price was $85,000 as of May 1979 with rental costs of 15%
of the selling costs per month for short-term usage and 10% of the selling
cost per month for long-term usage. The Bolt unit was not used in the
demonstration. This unit was, however, available for recording noise
measurements at the Bolt plant in Connecticut. Data from the Connecticut
demonstration are included in this report.

3.2.2.3 Hush unit

A British firm, Sheet Piling Contractors, Ltd., has developed a
diesel-driven hammer incorporated inside a very long "Hush Rig" enclosure
which reduces sound emissions. This enclosure extends the full length of the
pile being driven. Results of 68 dB at 15 m (50 ft.) have been reported. The
sound insulating box is fixed at the top to the crane jib by a universal joint .
which keeps the hammer and the pile perfectly aligned. This ensures that the
energy from the hammer is used to force the pile deeper and there is no
dissipation of energy by lateral movement of the pile head, thereby ensuring

et e ———

successful pile driving under any soil conditions unlike most other silenced
pile drivers. Further information may be obtained from S.P. Civil
Engineering, Ltd., at the address provided in Appendix D.

*The prolonged downward push resulting from the compressed air-cushioned
bouncing action is a more energy-efficient force than the conventional,
irreguiar, sharp hammer blow resulting from the impact of one solid mass
against the other.l5
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Figure 10. Schematic of Bolt Unit

Figure 11. Photograph of Bolt Unit
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4.0 RESULTS OF PILE DRIVING DEMONSTRATION

4.1 OQperating Conditions During the Demonstration

During the testing of the pile drivers and their associated retrofit noise
control accessories, a number of field operating conditions affected work
efficiency and noise control.

As discussed below, the first ten of the seventeen piles involved in this
demonstration were driven using the standard pile driver incorporating a
variety of retrofit techniques. Many operational difficulties were
encountered and these are discussed in detail. As a result, the first ten
piles were driven at a rate of about four per day, whereas the last four piles
were driven by the standard unit in half a day. Although this would initially
seem to indicate that the use of the retrofitted unit decreases productivity
by increasing the time required to set up and drive the piles, the number of
piles involved is far too small to make a reliable conclusion.

By way of comparison, the same crew was used prior to the testing of the
standard pile driver and the retrofitted pile driver to set up and align
treated and untreated wooden piles for driving. This set-up and alignment
period initially took up to 80 minutes. As the workers became more familiar
with the procedures, this maximum time of 80 minutes diminished to
approximately 17 minutes. As with the same crew with the wooden piles, much
or all of the apparent productivity decrease with the retrofitted pile driver
may really be a result of the crew getting used to driving the piles and not a
result of the retrofit equipment.

The following table details the combinations of pile drivers and retrofit
techniques used for the driving of piles 3 to 17. Sound level measurements
were not obtained during the driving of piles 1 and 2.
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Table 2. Summary of Combinations of Noise Control Technology
Used at the Pile Driver Demonstration at Waterloo, lowa

e ——

Cushioned Damping
Pile No.| Muffler | Enclosure Pads Material| Vibratory | Standard
3 X X X
4 X X X
' 5 X X X X
i 6 X X X X
; 7 X X X X
! 8 X X X
r. 9 X X X
g 10 X
v 11 X
o 12 X
X 13 X
A 14 X
o 15 X
i 16 X
v 17 X
> A number of problems occurred during the set-up and work phases. These
\ involved the fitting of the pile in the bonnet, the attachment of leads and

chains, the positioning of the pile to the vertical beam and the placement of
the noise control curtain on the retrofitted pile driver. These problems are
discussed below.

4.1.1 Placement of the pile into the bonnet

The set-up and alignment of the pile required that the pile be moved by
crane from the barge and placed within the bonnet of the hammer. This bonnet
was specially made to fit 16-inch piles. The bonnet was snug and did not fit
properly, resulting in each pile having to be cut free with a torch once the
driving was completed. This procedure of cutting the pile free took 16-20 :
‘ minutes which in no way was a result of using the retrofit equipment. Pile 15

was the only pile that did not need to be cut free by torch. ‘

4,1.2 Lead and chain attachment

While driving the piles that were treated with damping material, the
- chains and leads attached to the pile driver caught on the exposed damping

material. The chains had to be manually pulled while the pile was driven. A
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resulting loss of efficiency occurred. Additional noise was also generated

due to the banging of the chains against the pile during driving.

4.1.3 Positioning of the pile to the vertical beam

The vertical H-beam which was used as a guide for the driving of the pile
tended to be stiff and unyielding and therefore difficult to work around.
When they were being moved, the piles often hit the beam, the driver, and the
¢ross beam, causing additional noise. Part of the difficulty may have been
the result of the crane having 20 more feet of boom length than required for
this job. The standard pile driver used a formal guide system rather than the
H-beam.

4.1.4 Attaching the curtain

The pile driver crew was unfamiliar with the noise control curtain which
often got in the way of the leads. Care had to be taken in tying the curtain
at the bottom so that it closed completely, but did catch on the piles coated
with damping material. The curtain, when properly attached, should have had
the flap overlapping. After driving several piles, the curtain ripped
slightly. During the driving of piles 2 and 3, the flap opened about .3 m
(1 ft.) resulting in a V-shaped pattern at the bottom which leaked sound.
Figure 12 shows the ripped curtain. Improved fastening would alleviate this
problem,

4.1.5 Damping material

A number of problems occurred with the water-based damping compound. The
damping material on some piles had been applied too thickly and tended to
flake off. The material had been applied in rings, eight rings per pile at
2.4-m (8-ft.) intervals. On piie 7 the damping material had flaked off
considerably and there were only two complete rings of damping material left,
and the rest were half rings or less. During driving of pile 7, a ringing

sound was prominent, probably related to the missing damping material. On
some of the other piles, small amounts of damping material were also missing.
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4.1.6 Cushion pads

In addition to the retrofit testing of damped piles, cushion pads were
substituted for the standard phenolic pads and placed within the bonnet along
with round aluminum plates in alternating layers of plates and pads. The pads
were replaced after driving piles 4, 5 and 6. This replacement was found to
be an overcautious procedure because the pads were not that noticeably worn,
but this could not be determined without disassembling the bonnet. While
changing the pads, the curtain had to be raised, which resulted in it tearing
about .3 m (1 ft.). The pads were removed after driving pile 8. On the two
occasions when the pads had sustained over 1400 blows, it was observed that
the wear was not substantial and the pad could possibly withstand twice that
number of blows or more.

4.1.7 Vibratory pile driver

A number of observations were made during the testing of the vibratory
pile driver. During this testing, personnel were setting up the succeeding
pile and the cranes used for this operation were clearly heard over the
vibratory hammer noise. When the pile driver with the vibratory hammer became
level with the cofferdam, a low frequency excitation (130 Hz - 90 dB) was
observed. Piles 11, 12 and 13 were driven with the vibratory hammer which had
a chain ring with three leads attached at the bottom. This held the pile
vertical while driving, but the chains rattled against the pile. During the
driving of a pile using the vibratory unit a rock layer was encountered. The
vibratory pile driver was removed and the pile was driven to its proper level
using a standard pile driver,

4.1.8 Other noise sources

In addition to the noise emanating directly from the driving operation,
other noise sources were present and observed by field personnel. These noise
sources had no impact on the overall measurement program except as noted in
Appendix C. There was portable air compressor noise. There were also various
sounds from the equipment being used such as the cranes.
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Unusually heavy rains caused serious flooding during this demonstration
program. To keep water out of the pile driving area, pumps had to be used.
Pump noise increased the ambient sound levels, particularly during the driving
of pile 7, so much so that the sound data for pile 7 were not used.

The standard pile driver had an exhaust chamber which allowed exhaust air
(and its noise) to escape during pile driver operation. The exhaust was aimed

in the direction of the land measurement team.

4.2 Sound Level Measurement Program

4.2.1 Instrumentation

The Construction Engineering Research Laboratory recorded pile driver
noise at two locations: a land location to the northwest of the gravity
outlet and a river location to the southeast. The river location is shown in
the following sketch, Figure 13.
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Figure 13. Sound Measurement Location (Cedar River)
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The pile driver sound levels were recorded with a Bruel and Kjar Model

4921 outdoor microphone system and a Nagra DJ magnetic tape recorder at both

the land and river locations. Tape recordings began prior to the start of
pile driving to obtain the background sound levels, and ended when the pile
was driven to refusal.* The magnetic tapes were analyzed using a Nagra DJ
tape recorder, a GenRad Model 1921 Real Time Analyzer controlled by a Digital
Equipment Corporation POP 8/e computer.

4.2.2 Data analysis and results

Due to the time-varying nature of pile driver noise (i.e., impulsive-like
sounds), the tape recordings were analyzed to produce:

a) Equivalent Sound Levels: Leq

b)  Exceedance levels: Ly, Ligs etc.
c) Time History of A-Weighted Sound Levels.

Octave band statistical sound levels, A-weighted sound level histograms,
and cumilative distributions of A-weighted sounds were obtained for data
recorded at both measurement locations for the standard, vibratory, and
retrofitted pile driver operations. These data are on file with CERL.16

An analysis of sound level data obtained from the recordings made aboard a
boat in the Cedar River 1is reported below to demonstrate the effects of pile
driver substitution and retrofitting on noise levels. While data obtained on
land are available, these data were subjected to higher background sound
levels, reflections from nearby buildings and equipment, and some calibration
Jsroblems. The river location provided more accurate and consistent results.

*"Refusal" is the point at which the pile is seated and no additional
impact forces move it further.
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Although other statistical
sound level descriptors were determined, only L1 and Leq are tabulated.

Table 3 is a summary of the analyzed data.

L1 is considered most representative of the impulsive type source present
during pile driving operations. Leq represents the acoustical energy level
of the pile driver noise emissions.

The use of the muffler and enclosure reduced the noise by about 10 dB.
However, inspection of the enclosure disclosed that with a comprehensive
design and deveiopment effort, the enclosure/muffler performance can be
improved.

The vibratory unit's noise levels are much lower than the standard unit
(by 17 dB) and also lower than the retrofitted unit (by 6 dB), as expected.
However, the vibratory unit requires a large, diesel engine-driven hydraulic
pump which was not silenced. For vibratory pile driver sound level
measurements, the unit was located 50 ft. from the land measurement location
(see Figure 14). Thus, sound levels in the vicinity of the hydraulic unit
were excessive; the sound levels measured at the land station are higher for
the vibratory pile driver (Leq = 86,9 dB) than for the standard unit

(Leq = 79.8 d8).

It is of interest to plot out the A-weighted sound level versus time.
Figure 15 shows the impulsive nature of the sound excluding the vibratory
unit. There are two impulsive components: the hammer impact and the air
exhaust. Use of the muffler and enclosure eliminates air exhaust noise and
significantly reduces impact noise. The Bolt unit's noise is included in the
figure; only the impact noise is evident. The noise of the vibratory unit is
relatively low with no impulsive characteristics.

Figure 15 indicates that the background sound levels during the time the
piles were driven with the standard unit were generally higher than those
existing during the operations of the other test units.



Table 3. Summary of Pile Driver Demonstration (Boat) Data

a. Individual Piles

1 Pile
4 ; . as
Driven Description A-wt Sound Level, dB
‘ at 80 m (264 ft.)
f{ Ly Leq
p | 3 Silencedl with damping 76 70.0
- 4 Silenced with pad 77 70.6
. | 5 Silenced with pad and damping 76 70.3
> | 6 Silenced with pad and damping 76 70.4
& 7 Silenced with pad and damping? -- --
- 8 Silenced with pad 81 72.7
i | 9 Silenced with damping 75 69.2
54 10 Enclosure, no muffler3 80 72.3
1 11 Vibratory 70 67.5
L 12 Vibratory 71 68.7
F¥'1 13 Vibratory 70 68.1
k- 14 Unsilenced 87 78.9
;- 15 Unsilenced 87 82.1
16 Unsilenced 86 78.5
17 Unsilenced 89 83.7
b. Averages
‘ A-wt Sound Level, dB
N at 80 m (264 ft.)
Ll Leq
a. Unsilenced 87 80.7
b. Silenced 764 70.4%
¢. Enclosure, no muffler 80 72.3
d. Vibratory 70.3 68.1
| e. Bolt (separate factory demonstration) 805 70.8%
|
% “Silenced” means enclosure plus muffler.

- Pile #7 data are omitted because the noise from pumps used
v to empty the cofferdam interfered with noise measurement.
The exhaust air was directed inside the enclosure so that some
attenuation was provided.
4 Excluding pile #7.
Extrapolated to 50 m.
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4.3 Costs of Pile Driver Noise Control

As indicated in Section 1.2.3, any noise control technique contains two
cost elements: (1) capital costs and (2) operating costs. In developing the
capital costs, no distinction is made between the standard equipment and the
retrofit hardware such as the enclosure or muffler. All equipment are

. amortized over their expected useful life. Operating costs include

contractors' overhead, profit, labor, and expendables. Based on these data, one
can develop total weekly costs which include both operating costs and capital
expenditures amortized on a per-week basis. These various costs are developed
and tabulated in Appendix C.

The "bottom line," however, is not total weekly costs, but rather the cost
to drive a pile, that is, dollars per pile. This metric (dollars per pile) is
easily calculated if one knows (1) total weekly costs, and (2) number of piles
driven per week. In this demonstration project, total weekly costs have been
well developed for the various noise abatement techniques employed (Appendix
C). Unfortunately, the nature of the study did not allow the same specificity
for the second parameter, piles per week.

For this demonstration, data were gathered on the driving of 15 piles.
Seven different configurations were tested in all. These consisted of the
standard nonquieted impact pile driver, the standard pile driver retrofitted
with five different noise control approaches, and the vibratory hammer. Table
4 tabulates these test configurations.

The remainder of this section is divided into two subsections; Section
4.3.1 which analyzes the total weekly costs for the various abatement
techniques, and Section 4.3.2 which discusses productivity, that is, the number
of piles driven per week.

4,3.1 Total weekly costs

Total weekly costs for the seven test configurations are given in Table
5. This table shows that there is no significant cost increase for
retrofitting the standard pile drive with an enclosure and muffler (the two
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principal noise abatement measures). Clearly, the other test configurations
increase total weekly costs in various amounts.

!

g Use of pile damping is significantly more expensive than the other
retrofit options because of the high material and labor costs incurred in
applying the damping compound.

The cost effectiveness of the retrofitted pile driver using the
elastomeric damping pads is largely dependent upon the durability of the
pads. At a cost of $52 per pad and using 6 pads per bonnet, the incremental
cost per pile could be very significant if the pads were not very durable.
Their probable life is subject to a variety of factors. The manufacturer
claimed that with proper care and under normal operating conditions they could
last as long as the pile driver.l7 0On the other hand, during the
- demonstration test the pads were changed much more frequently than appeared to
. be necessary because of uncertainty on the part of the contractor.
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Table 4. Various Pile Driver Configurations

Pile Driver

Configurations Number of Piles Driven
Unsilenced 4
Enclosure, no muffler 1

| Silenced” with pad 2

‘ Silenced with damping 2

| Silenced with damping
i and pad
K Vibratory

*"Silenced" means enclosure plus muffler.




Table 5. Estimated 1-Week Pile Driving Costsl\?

% Increase
$/Week Over Standard
1
Standard Pile Driver? 11,597 -
Retrofitted Pile Driver
Option A - Enclosure, no muffler 11,626 0.3
Option B - Silencedd 11,646 0.4
Option C - Silenced with damping 16,196 39.7
Option D - Silenced with damping
and pads 16,430 41.8
Option £ - Silenced with pads 11,880 2.4
Vibratory Pile Driver2 12,603 8.7

Neek1¥ costs are developed from monthly rental rates on a per week basis
a

See Table C-5b).
2Productivity Assumptions: Effective working hours
labor: 8 hours/day
cranes: 6 hours/day
pile drivers, compressors,
power pack: 2 hours/day

3uSilenced" means enclosure plus muffler.
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The vibratory pile driver has higher total weekly costs because the
capital costs for the vibratory hammer itself are much higher than for the
standard pile driver.

4.3.2 Productivity

Productivity, or the number of piles criven per week, is the sum of two
factors: (1) the driving time per pile and (2) the set-up time per pile.
These two factors are discussed below.

Driving times are shown in Tables 6 and 7. The vibratory unit cleariy had
a much higher average driving time than the other units, with an average
driving depth nearly identical to the average for all 15 piles--8 m (26 ft.) vs
7.7 m (25.3 ft). Clearly, the use of the vibratory pile driver meant
decreased driving time productivity; however, this may be due to the type of
material at the river bottom.

The standard pile driver had the lowest average driving time, but the
average depth driven by this unit was not as deep as the demonstration
average. Had all the piles been driven to the same depth, it is likely that
there would be less difference between test configurations. However, the
driving time at this site was strongly influenced by the time to drive the
last few feet and by any large rocks or rock layers encountered during the
driving process and thus, no "normalization" to a common depth is possible.
Also, as noted in section 4.1, the damping treatment did delay the driving
process when the guard chains caught on the damping material. Average blows
per minute were less influenced by the above factors. Table 6 shows what is
believed to be little significant difference in average blows per minute
between the unsilenced and retrofitted units except for a slight indication
that piles with damping had fewer average blows per minute. The four piles
driven by the unsilenced unit averaged 64.6 blows/minute, the three
retrofitted piles without damping averaged 71.0 blows/minute and the three
retrofitted piles with damping averaged 50.2 blows/minute. Thus, the
tentative conclusion is that the retrofitted pile driver (except possibly with
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Pile

Number

Description

et bl

A
(o}

11
12
13

15
16
17

Silenced with
Silenced with
Silenced with
and damping
Silenced with
and damping
Silenced with
and damping
Silenced with
Silenced with
Enclosure, no
Vibratory
Vibratory
Vibratory
Unsilenced

Unsilenced
Unsilenced
Unsilenced

Table 6. Performance Data
No. Blows/
of Blows Depth Driving Time Minute
damping 262 19'0" 12 min. 21.8
pad 460 24'0" 10 min, 46.0
pad
389 23'p" 10 min, 38.9
pad
1051 33'6" 14 min. 75.1
pad
614 28'6" 11 min. 55.8
pad 983 28'0" 9 min. 109.0
damping 593 26'0" 10 min. 59.3
muffler 706 28'0" 12 min. 58.8
Vibratory 26'0" 15 min,
Vibratory 26'0" 22 min.
Vibratory 26'5" 18 min.
595 27'6" 9 min. 66.1
507 17'6" 7 min, 72.4
370 18'6" 6 min, 61.7
409 16'0" 7 min, 58.4
Source: Ref. 18




Table 7.

Driving Time Comparisons

Average Average Average

y No. Driven Time/Pile Depth Blow/Min.
! Standard Pile Driver 4 7.25 minutes 19.9' 64.6

! Retrofitted Pile Driver
,? Option A - Enclosure, no
- muffler 12.0 minutes 28.0" 58.8
;; Option B - Silenced” 2 not available 30.5' not aval.
'1 Option C - Silenced with
:1 damping 2 11.0 minutes 22.5" 40.6
44 Option D - Silenced with
) damping and pads 11.6 minutes 28.5' 56.6
.j Option E - Silenced with pads 2 9.5 minutes 26.0" 77.2
}: Vibratory Pile Driver 3 18.3 minutes 26.2" not appl.
.r Demonstration Totals 17 11.5 minutes 25.3" 60.2

*"Silenced" means enclosure plus muffler.
i
|
Source: Ref. 18
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damping) does not increase driving time over the standard unit's driving
time. Indeed, there is little difference. The vibratory unit does appear to
increase driving time,

The above driving time figures offer an indication of productivity. They
do not take into account the time required to set each pile in place and
prepare it for driving. More piles per day were driven by the unsilenced unit
than by the silenced unit (at the rate of 8 piles per day and 4 piles per day,
respectively). However, because of the small number driven, these differences

are not statistically significant.

As indicated earlier, the experience at this site with this crew using
wooden piles was that work progressed very slowly during the first week as the
crew became accustomed to the situation., After this first week, a great
increase in productivity resulted. For this demonstration, piles were driven
using the retrofitted and vibratory pile drivers first. After the
demonstration week, the standard (unsilenced) unit was used. Thus, both the
set-up time and the driving time may have decreased by the time the unsilenced
units were used because of the experience the crew had gained in setting up
the previous piles.
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5.0 ALTERNATIVE ROUTE SELECTION

5.1 Normal Haul Truck Transportation Route

—— -

Choosing the appropriate route for the transportation of materials to the
= site is often a very cost-effective means of reducing the overall noise impact
of construction operations. In this demonstration, the primary route for the
transportation of materials from the nearby concrete plant to the site is

] along West/East First Street and Lafayette Street, returning on East/West

i Mullan Avenue as shown in Figure 3. The trucks travel a one-way distance of
$ 1.5 km (0.9 miles) in about 6.5-7.0 minutes (varying, according to the traffic
;} lights), while traveling at approximately 3.2 km/hr (20 mph). This route

f! passes by 42 residences along East First and Lafayette Streets as well as five
.;é commercial/industrial concerns north of the Cedar River. The residences were

predominantly single-family, detached homes with some interspersed duplexes.

5.2 Alternate Route

An alternate route, also shown in Figure 3, is along Sycamore Street,
parallel to Lafayette Street. This route covers a distance of 1.1. km (0.7
miles) in approximately 4.5-5.0 minutes {again depending on the traffic
lights) while also traveling at 3.2 km/br (20 mph). Yet this shorter route
passes only five residences and eight commercial concerns north of the river.
It also requires crossing railroad tracks at the end of Sycamore Street wnhere
! . there was no established, permanent grade crossing at the time this
demonstration project was undertaken.

5.3 Site Data

The alternate route evaluation was attempted during the period of the pile
driver study. Unfortunately, there was insufficient truck traffic to and from
the site to perform significant sound measurements and obtain quantitative
data. Again, because of the unusually heavy rains, the site was virtually
shut down during much of the test period except for the pile driving
activity. For the one concrete placement which did occur, only one truck came
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on and off the site per hour for a 4-hour period. This rate of truck traffic
was insufficient to show meaningful shifts in hourly or daily Leq- During
other periods when gravel for banks was to be delivered, the route selection
would certainly have shown benefits.

5.4 Costs

The costs required to establish a grade crossing were minimal. They
included the costs of gravel delivery ($150) and the labor of two men for half
a day for dressing and cleaning up the grade ($100) for a total cost of $250.
The expense was more than justified in view of the potentially significantly
decreased noise impact: five homes on the alternate route (as opposed to 42
homes on the primary route) are subjected to sounds emitted by trucks taking
materials to and from the site.” In addition, the decreased fuel costs and
shorter transit time due to the reduced distance of the alternate route
eventually more than offset the grade construction costs is well.

*At 50 feet, the sound emitted by a heavy-duty diesel truck traveling
at 30 mph is 75 dB, 2 significantly annoying level of noise.
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6.0 CONCLUSIONS

The conclusions that can be drawn from the results of this demonstration
project are as follows:

- A commitment to control noise at construction sites by providing
feasible specifications for noise reduction, assessing alternate
methods of achieving these specifications and evaluating the
associated costs using these alternate methods can result in
significantly lower (10 dB or more) site noise levels.

- The contract bid document can be an effective tool for bringing about
the reduction of construction site noise.

- The contractor can, with minimal outside assistance, follow the
requirements outlined in the bid specifications and final contract to
produce a quieter operation. The demonstration project showed that a
contractor can achieve significant reductions in the sound level
generated by pile driving activities.

- Necessary sound control materials are readily available from various
manufacturers and can easily be specified by brand name, physical
composition, or minimum performance criteria.

- The use of such materials is, for the most part, fairly
straightforward and requires minimal outside assistance. The
exceptions occur when a new and technically complex piece of
equipment such as a vibratory pile driver is used. In such
instances, operators may require some instruction by a manufacturer's
technical representative before being able to operate the equipment
efficiently.

- A minimum of 10 dB decrease in emitted sound may result from
application of noise control techniques. The decrease in sound level
may be accompanied by an increase in costs and a decrease in

54




productivity (piles driven/day). These cost increases decline
proportionally on a per unit basis ($/pile, $/unit time, piles/day)
the longer the job and the more piles that are driven.

Noise reduction costs can be estimated by the contractor and the

developer. With the productivity assumptions, the demonst ation

tests showed that the costs required to reduce pile driving sound
levels are reasonable.

Other means of controlling noise can be accomplished if planned,
e.g., simple relocation of a haul truck route.
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CORPS OF ENGINEERS
BID SPECIFICATION
(Reproduced in its entirety)
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Invitation No. DACW25-79-8-0013

SECTION ID
NOISE CONTROL
DEMONSTRATION - INVESTIGATION

1. SCOPE. The Contractor shall deliver materials over designated access
routes and drive piling as specified below for investigation and collection of
noise control data by others. The Contractor shall be responsible for all
construction supplies, materials, and equipment, including one vibratory or
air-cushion pile driver and one conventional steam, air or diesel pile driver,
and not less than one of each of the specified noise control devices.
Moiiitoring such construction operations and metering the resultant noise,
furnishing all test ecuipment, and recording the data obtained will be the
responsibility of others.

2. TRANSPORTING HEAVY CONSTRUCTION MATERIALS. The study of noise
associated with transporting heavy construction materials will he conducted
over two l-week periods. The Contractor shall schedule and coordinate
delivery of heavy construction materials with those conducting the study.
Both 1-week periods shall be selected at a time of intense delivery of
materials such as piling, forms, reinforcing steel, concrete, fabricated
structural steel items, sluice gates, pumps and motors, etc. During one of
the 1l-week periods when construction activity is downstream from Virden Creek
all deliveries of heavy construction materials shall be made to the
construction site via Sycamore Street and the temporary railroad crossing as
indicated on the drawing attached he:=iv3. During the other 1l-week period when
construction activity is upstream from Vi~den “reek, all deliveries of heavy
construction material shall be made to th: construction site via Lafayette
Street as indicated on the drawing attached hereto. Such access routes shall
be intercepted by deiivery vehicles as soon as practicable and used to the
greatest extent practicable for access to and from the site,

3. PILE DRIVING. The study on noise associated with pile driving will be
conducted over two 2-day periods. The Contractor shall schedule and
coordinate such periods at a time of intense pile driving activity with those
conducting the study. During one 2-day period, the Contractor shall use
either vibratory or air-cushion pile drivers. During the other 2-day period,
the Contractor shall use the specified noise control devices either singly or
in combination with each other, as directed, with conventional steam, air or
diesel pile drivers.

3.1 Acceptable vibratory and air-cushion pile drivers include, but are
not limited to:

Chelminski Pile Driver {Bolt Hammer)
Bolt Associates, Inc.

205 Wilson Avenue

Norwalk, CT 06854
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MKT v-10
McKiernan-Terry

MKT Geotechnical Systems
Box 793

Dover, NJ 07801

Vibro Driver

L. B. Foster Co.

7 Parkway Center
Pittsburgh, PA 15220

3.2 Noise control devices for use singly or in combination with each
other, as directed, with conventional steam, air or diesel pile drivers
include, but are not limited to:

3.2.1 Muffler providing a minimum insertion loss of 15 decibels shall be
fitted to the exhaust of the hammer. If a double acting hammer is used, both
exhausts shall be silenced. Mufflers are available from some pile driver
manufacturers and from independent manufacturers, e.g.:

Donaldson Co., Inc.
1400 W. 94th Street
Minneapolis, MN 55440

Burgess Industries
8101 Carpenter Freeway
Dallas, TX 75247

3.2.2 Impact cushion of minimum 4-inch thickness shall be used between
the hammer and pile. Unless otherwise approved, the cushion shall be
constructed of alternate layers of sheet aluminum (1/4-inch thick) and
elastomeric material (l-inch thick). Acceptable sources for cushion materials
are:

DYAD
Soundcoat Company, Inc. J
175 Pearl Street

Brooklyn, NY 11201

C-2003

Ear Corporation

7911 Zionsville Road
Indianapolis, IN 46268

Flexoply
Consolidated Kinetics
249 Fornoff Lane
Columbus, OH 43207

Lord Corporation
1635 W. 12th Street
Erie, PA 16512
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3.2.3 Enclosure consisting of 18 gage sheet steel lined with s.und
absorbent foam shall shield the hammer/pile impact area. To orovide not less
than 5 feet of shielding both above and below the impact poirt, the bottom of
the enclosure shall consist of a flexible skirt of mass loaced vinyl. Tue
lateral aimensions of the enclosure shall be as small as is reasonably
possible. The vinyl material shall weigh approximately 0.75 1b/sq. it. Such
enclosure shall be attached to the downward traveling nammer mechaniom o
maintain shielding of the impact point as the pile cap ap roaches the groung
(see Figure 1). Examples of acceptable materials and supplies for attachment
to the sheet metal enclosure are listed below.

Soundcoat Embossed Foam
175 Pearl Street
Brooklyn, NY 11201

Cousticomposite 0-5-50

Ferro Corporation, Composites Div.
34 Smith Street

Norwalk, CT 06852

or

Consolidated Kinetics Corp.
249 Farnoff Lane
Columbus, OH 43207

Sound/Eaze TLB-M

Korfund Dynamics Corporation
P.0. Box 235

Contiague Road

Westbury, NY 11590

- i

Complete enclosures are available from independent manufacturers, e.g.:

Frommelt Industries, Inc.
| 465 Huff Street
Dubuque, IA 52001

Industrial Noise Control, Inc.
312 Stewart Avenue
Addison, IL 60101

Insul-Coustic/Birma Corp.
Jernee Mill Road
Sayreville, NJ 08872

el e

Spacetronics
1850 Lansdowne Avenue
Merrick, NY 11566

3.2.4 Damping material for end supported piles shall be applied to the ,
sides of the piles in a layer approximately 1 in. thick to prevent ringing. {
Examples of acceptable damping materials are listed below.
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Constidamp
Consolidated Kinetics Corp.
249 Farnoff Lane

Columbus, OH 43207

Soundcoat Company
175 Pear] Street
Brooklyn, NY 11201

4. TECHNICAL CLARIFICATIONS. Technical clarifications may be obtained
from Dr. Frederick M. Kessler, Dames & Moore, 6 Commerce Drive, Cranford, NJ
07016.

5. PAYMENT. Payment for the noise control demonstration will be made at
the contract lump-sum price for Item No. 19, "Noise Control Demonstration."
Such price shall constitute full compensation for performing all operations
necessary and for furnishing all plant, labor, materials, and equipment,
including one vibratory or air-cushion pile driver and one conventional steam,
air or diesel pile driver, not less than one of each specified noise control
device, and all incidental items necessary to complete the noise control
demonstration as specified herein.
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Figure A.l. Sketch of the Pile Driver Enclosure 3
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( SHAPPERT ENGINEERING COMPANY

tast Menom nee & Bioine Streets Betvigere, iiinois 61008 Prone (815, L47 t4f,

.- . Contractors S

R
BRIDGES - DAMS - PILE DRIVING - STEEL ERECTION - POWER PLANTS - INDUSTRIAL - MARINE CONSTRUCTION

——t -

August 17, 1975

, Jepartrent of the Army
5 Aaterioo District
. Corps of ctngineers
533 Anshorougn Avenue

| Waterloo, lowa 50701

SUBJECT: Contract No. DACW25-79-C-0022
) Local Flood Protection Project
- Waterloo - Stage VE

Cedar River, Black Hawk County, iowa
Gentlemen:

Reference your letter of 18 July 197% recuersting additional suomitials for
the Pile Driving Noise Demonstration Procedure, we supmit the following:

, A revised drawing of the Pile Iriver fnclcsure snowing the type of 1iner
Tou

by Sounaconat and the 4" tnickness of the plexiciass.

Enclosed 14 tne specification sneet for tnis © oincrn "Souwna Coat' Viner
for the Pile Driver Enclosure.

’ Py

0. itead logaed viry. =

tnciocsed 1s the specification sheetl for the 3/4 1
Terence to L fodn on curtair

curtain a-» made by Singer Safety Products, inc. ("
was in error).

The material for the "Consti-view" window is also " tnice ploalaiass
and sewn to the vinyl. A1l other material approved on transmicial No. &7
previously submitted.

Sincerely,

Ch e e e a e e e
SHAPYERT ENGIRCYRING CuMvialy

LI

wiliian A, BSBrensen
chief Engineer

WAS 13w
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SOUNDCOAT
PRODUCT
DATA SHEET

The intormation contained herein s based on laboratory test data developed by
ot for Soundcoat and 1s believed 10 be rehable. but its accuracy or completensss
15 not quaranteed The buyer must test this product to determine its suitablility
for hus specitic appht:ication betore use. ONLY use a Soundcoat product after
thoroughly consulting instructions on the data sheet for the specific product
SOUNDCOAT DISCLAIMS ANY RESPONSIBILITY FOR 1} WARRANTIES OF
FITNESS AND PURPOSE. 2) VERBAL FECOMMENDATIONS 3 CONSEQUEN
TIAL DAMAGES FROM USE AND 4) VIOLATION OF ANY PATENTS OR
TRADEMARKS HELD BY OTHERS

Embossed Soundfoam nhas patterned suriace providing
abrasive resistance and pleasing appearance Available
with pressure sensitive aghasive

8 d LF with Emb. d face. A thin barrier of lead
for noise attenuation 1s sandwiched between foam layers
Tris product provides a high degree of sound absorption
and sound attenuation See Bulietin 709C—Soundmat
LF —for transmission 10ss data

Embossed Fosm Damping Sheel. w:th a layer of
visco/elastic material for effective sound absorption and
vibration damping See Bulletin 704 tor Damping values

The information on pp 70 and 71 is copyrighted and is reproduced through the courtesy
of its publisher, The Soundcoat Co., Inc., Brooklyn, NY.

BULLETIN 702

Soundfoam Embossed

Advanced polyurethane technology has enabled
manutacturers to optimize the toam structure tor sound
absorption Factors which must be controlled in effec-
tive accoustical foams are

a. Permeability (air flow resistance) ¢ Density

b Pore size and structure d Stitiness

Only a few manutacturers today control the basic
foam structure to meet these requirements Because
vanations in the foaming prccess can differ substantial-
ly. 1t 1s essential that the manufacturer have complete
quality control and the ability to monitor the acoustical
impedance and the sound absorption coefficient in his
own laboratory

SOUNDCOAT. with its advanced acoustical technol-
ogy. has been abie to provide these foams for industry
Over the years it became evident to SOUNDCOAT eng-
neers that any increase in sound absorption coeffi-
cients would have to come through varnations in the
surface structure of these foams SOUNDCOATs Em-
bossed Soundfoam 1s an example of this advanced
technology

Though a new process. SOUNDCOAT can now sup-
ply sound-absorbing toams with sound-absorption co-
efficients that are 20% to 35% greater. in the most
critical frequency bands SOUNDCOAT Embossed
Soundtoam, In a 'z thickness. has the sound-absorp-
tion coefficient equivalent to s thickness of plamn
acoustical materials Thus. SOUNDCOAT makes 1t
possibie to save 50% in material while still providing an
eguivalent or superior acoustical performance In addi-
tion. Embossed Soundtoam provides the foliowing ad-
vantages

1 The embossed surface has an attractive appear-
ance

2 A fiexible. polyurethane foam that meets UL 94
classification HF -1

3 Resists wicking o1l and other heavy-viscosity h-
qQuids. which are a problem with pla:n foams ang
tibrous materials

po
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4. Increased resistance to mechanical abrasion— Specifications:
eliminating the danger of shedding tibers getting
into and fouling bearings and other sensitive Size: Sheets—24" x 54", 54" x 72", Rolls—54" wide

i parts. Temp. Range:  -45° to 225°F continuous, 250° intermittent
! Density 2 or 4 Ibs./ft?
4 5. Does not shed or erode. even when impinged by Color: Charcoal
nigh-velocity air streams. Embossed Sound- Pore Size: 75 = 10pps
‘ foam. with its controlled stiffness. defiects and ;P'Ck”ess‘ ;:‘ 27 "‘“U"'é"’é"‘ a"fd 2" -
) ame oam histed UL 94 Classification HF-1
1 returns to its original shape. without losing any of Resistance *  Passes FAR 25853 Part B
| its acoustical effictency. Fungus- Meet ASTM-1924-70
Thermal ‘K’ 0.25 BTUHN.Mr.isq.f1.0F
. N AT ntin r
; SOUNDCOQAT's continuous quality control assures Self-Adhesive 6 Ibs. per inch. ASTM-D-903-49 180° Peel,
i uniform acoustical performance in successive ship- Strength. Pull rate 12" per minute
ments. In fact. SOUNDCOAT guarantees uniformity of Absorption: (See Figure below) Per ASTM-C-384-58
acoustical performance—unique to the industry.
i Embossed Soundfoam is available. with high-gualty
. i pressure-sensitive adhesive backing. n four thick- (Ii‘,’y"/‘(’:’//c:”:;;’fesv"s'jfncs’ fo change without notice Check with fac-
- 1
2] nesses—'« . 2 . s .and 1 [tis also available in com-
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bination with visco-elastic damping layers, or with a
heavy septum to impede sound transmisston. It 1s easi-
ly cut to shape. and is flexible for wrapping around
curved surfaces. It 1s ightweight and pleasant to the
touch

In summary. SOUNDCOAT has the technology now
to provide even higher coefficients or absorption to
meet customer requirements in specific frequency
bands

NOTE We recommend the use of our standard pressure sen
sitive adhesives when the material 1s subjected 10 heating
up to 150°F For temperatures up to 250°F specify
Soundcoat HT-7 High Temp PSA

© This numerncal fiame spread rating is not intended to retiect hazards
oresented by this or any other malenai under actual fire conditions

The Federal Trage Commsson consider that there are no existing test
methods o stangards regarging tammab:idy that are accurate :ndicators
ot the pertormance ot cellutar prast:c matenats under actual tire conagitions
Any tesyits of enisting test methods such as ASTM D 1692 and UL 94 are
infended only as measurements of the performance of such materiais under
siecdic controlied test conaitions

Embossed Soundfoam — Sound-Absorption Coefficients
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The information on pp 72 through 77 is from Noise Control Procedures, catalog No.
{ 1080, published by the Singer Safety Co., Chicago, 1L, 1980. 7This material is
i copyr1ghted and is reprinted with permission.

Noise.
Unwanted Sound.

| Noise—~unwanted sound—is a recognized
5 problem in industry. With the advance in
i mechanization and automation, came larger
4 and noisier machines and more hearing
. problems for workers. Environmental noise has
! increased substantially.
i

It has been proven that noise 1s damaging
E to hearning, creates stress. and has been
g 1 responsible for many sernous accidents.

A noisy environment is costly. it produces
inefficiency in workers and hearing loss. Courts
are now awarding larger settlements for
damages to hearing and Insurance costs mount
with each claim

Your own interest I noise control may
center around problems with speech
communication, emplioyee irritabiity about
unusual noise and vour own desire to provide a
~ better. safer and more productive work place.

N Since 1965, Singer Partitions Division of
Singer Safety Products. a pioneer in industrial
noise reduction. has designed a variety of
proven system-engineered solutions to noise
and vibration problems. The unique SOUND
STOPPER Systems approach has
demonstrated measurable effectiveness in
increasing worker efficiency. in safeguarding
worker hearing. \n protecting employers
against compensation claims and the
imposition of penalties ansing from violation of
governmental requiations.

A step-by-step solution to your noise
problem s contained n this cataiog. The imtial
pages explain the pasic principles and
applications of noise control systems. Beyond
the INDEX are the burlding blocks —our SOUND
STOPPER nroducts—tfor creating a complete
and succansiui noise control system to meet
your exac!ing requirements

Souml‘ lopper
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3 Basic Ways
to Reduce Noise

There are a vanety of progucts avaiaoie for
noise control Before making a selection.
heres a guick review of three basic principies
Involved 1n sound reduction Each has a
symbol keyed to the SOUND STOPPER
products presented n this catalog

BACQUSTICAL BARRIERS

An energy source produces noise as a
radiating sound pressure wave which moves
through the air in ail directions. The most
effective, economicat and tiexible method of
noise reduction is usually the construction of a
barrier (or enclosure) between the noise
source and the receiver

Barriers prevent the transmission of
sound. butdo not absorb sound. With a barrier.
the sound Is reflected back in the direction of
its source.

The essential physical characteristic of a
sound barrier 1S mass. Heavy, dense materiais
are good barriers, whiie soft, porous materiais
are poor barrers.

The second important characteristic of a
good barrier 1s impness. A ngid barner
material can transmit vibration and regenerate
noise on the other side of the barrier. whiie a
limp material will not shake or vibrate in a
sound field.

E ACOUSTICAL ABSORBERS

Sound absorption is necessary to reduce the
intenstity within a room or enciosure. The
process of absorption depends on the sound
wave entering the material and being
converted to heat by a frictional process on the
porous maternial surface and ceills.

The essential physical charactenstic of
absorbers 1s controlied porosity. Sound
absorption 1s intended to reduce noise
reverberation from reflective surfaces. Since
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the soung wave must tlow through an
: absorbing material. its effectiveness as a
s sound barrier is very lifted.

Itis important to consider the use of sound
absorbing material on the inside surfaces of a
noise barrer, especially when a full or partial
) enclosure 1s being designed. The tack of sound

absorbing materials causes a highiy
2 reverberant condition inside the enclosure,
g’ j thus defeating the effectiveness of the design.
t

1
B -~

VIBRATION DAMPING

To controi vibration. it i1s necessary to prevent
the structural transmission of vibrational
energy between the source and the surface.
Vibrating surfaces are frequentiy damped by
applying viscoelastic materials directly to the
surface converting the vibrational energy to
heat.

3 The minute flexing of the damping
maternals provides the energy dissipation and
‘decay’ to reduce noise. Metai no longer

' “rings” when struck.

Damping materials are primarily used on

light gauge vibrating metais. but may also be
effective on wood or plastic.

| STRUCTUARE
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How to Use Noise
Control Materials

i There are a few simpie appiication metnods for

' noise control materials and composites. Often. the
‘ best soiution for a problem with muitiple nigh-levei
K noise sources (or when ail the sources cannot be
A identified) 1s a celing-to-floor curtain enclosure or
s partition suspenaed from track-and-roiler
hardware.

Qur full ine of simple-10-assembie GLIDE
i WALL hardware is avaiiaple to construct a
. framework where the track is attacheg directly to
beam. ceiling or overhead surface. The curtain rolis
effortlessty below the bottom edge ot the tracn

FREE STANDING ENCLOSURE {

In other cases. a noise barner s instailec by
. suspenoing the track from beam or celing to the
' desired height from the floor by means of vertica:
lengths of threaded rod or angie ron GLIDE WALL
i hardware 1s also avatable to mount a roller curtain
paraliei or at right angie to an existing wall

Floor supported. free-standing suspension ot
flexible noise barriers (S aiso easilly accompusned
Fioor bases, columns and steei track in 16 gauge
or heavier can permit spans of up 1o 15 feet and
barner heights to 10 feet Assembiy requires
ardinary hang 1oo1s

Other probiems may require the application ot
our tree-standing ine of sound MoDie acoustic
screen used siInGly of N three of ‘our-pane. toicable
models for souna soration ot smail macninery

o 2 L8
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DIRECT TO SURFACE APPLICATION

This methoa i1s mainly used for vibration dampers or
acoustical absorbers.

1
{
b i Damping proaucts are aiways applied directly
k to one or botnh sides of vibrating metai surfaces,
N such as ducts. hoppers. bins and machinery
k. guarcs.

Acoustical absorbers are primarly fasteneo
directly 1o a wall or housing. Rolls or sheets are
easily cut to the necessary shape and fastened
mechanically or with adhesives to the inside of an
existing structure

Quantities of verticaily suspended 2 ft by 4 ft
batfles can be hung from factory ceiings to contro!
reverberation. reduce overall noise leveis and
improve speech communications

Souna absorbers are trequently suspended
over the open top of an enciosure to achieve
~ maximum noise reduction while permitting
ventiiation and dlumination

NOTE: All noise control materiais can be instailed using readily
availabie hand tools.

DIRECT-TO-SURFACE

DUCT WRAP




LOADED VINYL MATERIAL

This is a reinforced lead-free material evenly coated @ Rugged, flame-resistant, impervious to oiis, alkali and

" p?v—r-

| on both sides with mass-filled vinyl. The result is a most chemicals; will not sag or rot; wipes clean
1 limp, dense, highly-flexible sound-barrier fabric. @ Metallic grey color enhances area illumination for
3 ® 6-16 dBA reduction, depending on the noise source attractive appearance and energy efficiency.
!."% © Easy to fabricate

T F
A

LOADED VINYL MATERIAL
% WEIGHT SOUND TYPICAL
. TRANSMISSION dBA
b PRODUCT PARTNO. | SQFT | THICKNESS DIMENSIONS CLASS REDUCTION
' ‘ Custom SC-157 V2 ib .055" width and height | STC 20 6-12 dBA
¢ Curtains as specified

Roll Goods 15-015753} b 055" 153" x25ydslong] STC20 6-12 aBA

b Custom SC-158 Yalb 075" width and height S7C 25 10-16 ¢BA
Curtains as specified

Vol Roil Goods 15-015853 | % ib 075~ 53" x25ydslong| STC25 10-16 dBA




APPENDIX C

ECONOMICS OF PILE DRIVER NOISE CONTROL
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The total weekly costs include both capital expenditures and
operating costs amortized on a per week basis.

Capital Expenditures

Shappert Engineering Company provided equipment supplier invoices
from wnich the cost information shown in Table C.1 was derived for the
standard and substitute pile drivers as well as for the retrofit components.
Additional information was obtained from equipment leasing firms. Table C.2
contains the estimated amortized weekly capital costs for the capital
equipment for the various pile driver options (standard unit, retrofitted unit,
and vibratory unit). The one-time purchases (bonnet, lead, enclosure, and
muffler) were capitalized over an assumed equipment working life (refer to
Table C.2 for assumed useful lives of noise control equipment). Table C.3
presents the weekly capital costs for the various pile driver and component
combinations. Estimated weekly operating costs are presented in Table C.4.

Another additional cost was incurred by the need to use the
unconventional H-beam lead, because of the muffler. (A second crane was used
because of the site layout and because the primary crane available did not
have the capability to hold everything and also pick up a pile.) This is also
due to the combined weight of the Vulcan pile driver and the enclosure.

The enclosure and muffler will last beyond this demonstration
program, The unit costs presented in Table C.2 apportion these one-time costs
over the assumed working lives shown in this table.

The data in Table C.5 indicate that for only a slightly larger total
weekly cost, the vibratory unit provides significant reductions in sound
levels. (Productivity tradeoffs and driving time are discussed in Section
5.3.) At a minimal increase in weekly cost, the retrofitted unit also reduces
pile driver sound levels.

80
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Table C.1. Cost Data for Pile Drivers and Retrofit Devices Used
in the Demonstration

Purchase
Vulcan #1 Hammer $ 29,000
900 C.F. Ingersoll Rand
Compressor (8 gallons/hr., diesel) $ 96,000
American 5299, 55-ton capacity (3900 Manitowar-$5200/mo.) $200,000
dKoehring 405 crane, 26.5 ton capacity $145,000
PMKT V-20 vibratory hammer $158,000
65' of 12" H-pile Spud Lead (Guide) $ 1,500
100" of 2" air hose for compressor $ 1,200
Enclosure $ 4,900
CeDecelfo" muffler $ 3,900
Damping material (for the 5 piles treated) $ 622
Kinetics “Flexoply” pads (for the 2 sets of pads) $ 787
Aluminum pads $ 520
$ 500

Regular lead (guide)
3The actual Koehring crane used, Model 330, has been discontinued
and replaced by Model 405.

BThis price includes the required power pack (diesel engine) for
the hydraulic pump, as well as the necessary hoses.

CThe 1978 estimate of the purchase cost for the muffler was
converted to 1979 dollars, yielding a cost of $3,900.

Note: The above costs do not include transportation costs, which vary
widely from job to job.

Sources: References 19, 20, 21, 22, 23, 24
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Table C.2. Capital Costs

o e e . e

Weekly Costs Monthly Costs
Purchase Costs Own Rent Own Rent

Vulcan #1 hammer $ 29,000 $ 700 $1,395

i 900 CFM compressor 96,000 650 1,890

, 55-ton capacity crane 200,000 1,700 5,200

i 26.5-ton capacity

crane 145,000 1,200 4,000

MKT vibratory hammer 158,000 3,450 9,600
8 Regular guide 500 $1.70 $ 6.80
; Muffler 3,900 19.30 77.00
T Enclosure 4,900 25.75 103.00
X 12" H-beam guide 1,500 5.00 20.00
| Bonnet 2,200 7.40 29.60
v 100" of 2" air hose 1,200 6.30 25.20

i Assumed Operating Lives

Regular guide 10 years
Muff ler 5 years
Enclosure 5 years
Bonnet 10 years
Vibratory hammer 10 years
12" H-beam guide 10 years
. 100' of 2" air hose 5 years
A Cranes 20 years
Vulcan hammer 10 years

Notes:  Above capital costs include: depreciation and maintenance.

Rental rates were used for capital items requiring maintenance because
it was felt they better approximated true capital costs.

Remaining capital costs were apportioned over assumed useful lives
using a capital consumption allowance of 12% per year.

Sources: References 19, 20, 21, 22, 23, 24
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Table C.3. Weekly Capital Costs for Pile Driver Combinations

Monthly Rental to

f{ Weekly Rental Per Week Basis
: Standard Unit
7 Vulcan #1 hammer $ 700 $ 321
900 CFM compressor 650 435
55-ton crane 1,700 1,197
26.5-ton crane 1,200 921
AAccessory equipment 15 15
TOTAL BASE COST $ 4,265 § 2,889
bRetrofitted Units
Standard Unit 4,265 2,889
Enclosure 29 29
4,294 2,918
Standard Unit 4,265 2,889
Enclosure 29 29
Muffler 20 20
4,314 2,938
Alternative Pile Driver
MKT-v20
Vibratory Hammer 3,450 2,209
55-ton crane 1,700 1,197
.y 26 .5-ton crane 1,200 921
' Cpiate 5 5

dAccessory equipment = regular guide, bonnet, and 100 ft. of air hose.

byse of the retrofitted unit invclved the use of a larger lead, 65 ft.
of 12-in. H-beam plus above accessory equipment.

CPlate on pile gripped by vibratory hammer.

Sources: References 19, 20, 21, 22, 23, 24




B Tabie C.4. Weekly Operating Costs

Weekly
b
3 : I. Eguipmenta
E { Vulcan #1 hammer ) .60
- 55-ton crane 1,065.00
3 26.5-ton crane 580.00
v 900 CFM compressor 308.00
. MKT V20 vibratory nammer (includes power
pack) 216.80
I1. Laborb
3 crane operators @ $19.64/nhr, 2,380.80C
1 carpenter foreman @ $21.36/hr 854.40
3 carpenters @ $18.856/hr. 2,263.20
1 laborer @ $15.73/hr. 629.20

Total '§§:T§7T§5

III. Consumables

Aluminum and Pnhenolic paas $ 585.00
Aluminum and Flexoply Pads 216.00
Damping 4,550.00

Assumptions:
Aluminum and prenolic pads: 5,000 blow 1ife, $6.50/pad, 18

pads/set-up

CATuminum and Fiexoply pads: .7,500 Tiow 1life, $52/pad,
s TTexopiy paas/set up along witn
LTUnum Dads/set up.
Damping: $44/piie materis, . =0, $77/pile labor cost, total
Sgl/p'"‘k‘.
Pile Driving: 10 p.ies’uay, ~ 0w Difay per poiw

Productivity Assumptions: Efrect .ve wirking nours
T Tapor: 3 nours/day
cranes: 6 hours/day
o1te drivers, compressors,

power pacx: 2 nours/day

Fuel Cost Assumptions: Diesel, $.85/gallon, gasoline $.95 gallon;
August 1979 prices.

aEquipment operating costs include contractor overhead and profit.

bl abor costs include: direct hourly wage, fringe benefits, contractors'
overhead, and profit.

CLifetime estimated by manufacturer.
Sources: Equipment = References 19, 20, 21, 22

Labor = Reference ?5
Consumables = Reference 23
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Operating Costs

Estimated weekly operating costs are presented in Table (.4. Tnese costs
were based on the actual unit operating costs ($/hr.) that are shown in Table
C.6. The actual weekly operating costs are higher than was expected primarily
because of the use of the second, smaller crane. When this item is excluded
from the analysis, the estimated and actual operating costs are very similar.
The notable exception to this i where damped piles are used, as the labor
costs for the application of the damping compound are included.

Shappert Engineering estimated that it would take five hours of labor per
pile to apply the compound to the five piles which were damped for the
demonstration test. For purposes of analysis, it was assumed that this time
would decline to three hours per pile as workers become more knowledgeable and
adept at applying the material 1n the proper thickness. These labor costs for
application of damping compound are a significant operating costs increment
which must be considered when driving damped piles.

The operating costs for the vibratory hammer and the standard pile driver
are quite similar. This is because the diesel engines which power the
standard unit's ai~ compressor and the vibratory hammer's hydraulic unit have

nearly identical fuel consumption rates.29

Weekly Costs

Tables C.5a,b list the estimated total weekly operating costs based on the
actual costs incurred during the demonstration test. In Table C.5a the weekly
rental rate is assumed and in C.5b, the monthly rate is assumed (see Table
C.2). The standard pile driver costs and those for two of the retrofitted
options are fairly close. [t is somewhat more expensive to operate the
vibratory unit for a week tuan the aforementioned units. The damping options
are not cost-effective; the sound level reduction is small for the added costs

required.




Tabie C.5a
Total Weekly Costs
(Based on Weekly Rental Rates)

: Weekly
. Rental Equipment &
: Capital Consumables Labor Total
|
2 Standard Pile Drivera 4,265.40 2,580.60 6,127.60 12,973.60
:
% Retrofitted Pile Driversb
;' Standard + enclosure 4,294.95 2,580.60 6,127.60 13,002.65
5 Standard + enclosure
g; and muffler 4,313.75 2,580.60 6,127.60 13,021.95 2
EE% Standard + enclosure + §
- muffler and damping 4,313.75 7,130.60 6,127.60 17,571.95 f
XXM |
: Standard + muffler ]
and enclosure and :
damping and fiexoply I
pads 4,313.75 7,364.60 6,127.60 17,805.95 J
Standard + enclosure
and muffler and flexoply
pads 4,313.75 2,814.60 6,127.60 13,255.95
Vibratory Pile Driverb 6,355.00 2,143.50 6,127.60 14,626.10

dIncludes accessory equipment and consumablies = regular lead, bonnet, air
hose, and aluminum and phenolic pads.

BIncludes use of heavier lead (guide).
Note: The weekly capital cost used for the pile driver, cranes, and

compressor are the weekly rental rates. It was felt these better
approximated true ownership costs.

The costs for accessory equipment were amortized over the assumed
working lives based on the purchase prices.

Sources: References 19, 20, 21, 22, 23, 24
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Table C.5b
Total Weekly Costs
(Based on monthly rental rates on a pro-week basisd)

Capital Equipment &
(mo. rental on) Consumables Labor Total
Standard Pile Driverd 2,889 2,580.60 6,127.60 11,597.00
Retrofitted Pile DriversC
Standard + enclosure 2,918 2,580.60 6,127.60 11,626.00
Standard + enclosure
and muffier 2,938 2,580.60 6,127.60 11,646.00
Standard + enclosure
+ muffler and damping 2,938 7,130.60 6,127.60 16,196.00
Standard + muffler and
enclosure and damping
and flexoply pads 2,938 7,364.60 6,127.60 16,430.10
Standard + enclosure and
muffler and flexoply
pads 2,938 2,814.60 6,127.60 11,880.00
Vibratory Pile Driverd 4,332 2,143.40 6,127.60 12,603.00

dMonthly rental x 7 days x 12 months 365 days.

bInciudes accessory equipment and consumables = regular lead, bonnet, air
hose, and atuminum and phenolic pads.

CIncludes use of heavier lead (guide).

Note: The weekly capital cost used for the pile driver, cranes, and compressor are
the weekly rental rates. It was felt these better approximated true
ownership costs.

The costs for accessory equipment were amortized over the assumed working
lives based on the purchase prices.

Sources: References 19, 20, 21, 22, 23, 24.
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Table C-6
Unit Hourly Operating Costs

|

% I. Construction Equipment

- Vulcan #1 Hammer $

- 55-ton crane S

26.5~ton crane $ 19.34
! 900 CFM compressor $
; MKT V-20 vibratory hammer $
(included power pack)

5 I1. Labor

: 3 crane operators $ 19.84
- 1 carpenter foreman $ 21.36
. 3 carpenters $ 18.86
3: 1 laberer $ 15.74

Assumptions
54 1) The above costs include direct hourly wage, fringe benefits (social

sacurity, pension, etc.) contractor and overh:ad profit,

2) Fuel cost assumptions
diesel = $.85/gallon 1
gasoline = $.95 gallon '

X 3) Costs do not include capital consumption allowance.

N~ 4) Longer set-up times between the driving of piles were observed when

’ employing the retrofitted pile driver. The base labor costs do not
change, but the longer between-pile adjustment times meant few2r piies
driven per day. (Please see section 4.1.)
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APPENDIX D

MANUFACTURER NAMES AND ADDRESSES




CONTRACTOR:

PILE DRIVERS:

Shappert Engineering Company
East Menominee and Blaine Streets
Belvidere, I11inois 61008

Mode}

Chelminski

roster Vibro-Driver

MKT v-20

Hush

HAMMER :
Model

010

ENCLOSURES:

Manufacturer

Boit Associates, Inc.
205 Wilson Avenue
Norwalk, CT 06854

L.B. Foster Co.
7 Parkway Center
Pittsburgh, PA 15220

McKiernan-Terry

MKT Geotechnical Systems
Box 793

Dover, NJ 07801

S.P. Civil Engineering,
Ltd.

Hush House

Horndon Industrial Estate

Station Road

West Horndon

Essex, CM13/3HP

England

Manuf acturer

Vulcan Iron Works, Inc.
2909 Riverside Drive
Chattanooga, TN 37406

Frommelt Industries, Inc.
465 Huff Street
Dubuque, Iowa 52001

Type of Pile Driver

Air-cushioned,
electric motor-driven

Vibratory

Vibratory

Silenced,
diesel-driven

Industrial Noise Control, Inc.

312 Stewart Avenue
Addison, IL 60101

Insul-Coustic/Birma Corp.
Jernee Mill Road
Sayreville, NJ 08872
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SOUND-ABSORBING MATERIAL TO LINE ENCLOSURE:

A —— b

4.

vooe

L m mee ae —

-~

MUFFLERS:

PILE DAMPING MATERIAL:

ELASTOMERIC MATERIAL FOR IMPACT CUSHIONS:

The Soundcoat Company ("Soundcoat Embossed Foam")
175 Pearl Street
Brooklyn, NY 11210

Ferro Corporation ("Cousticomposite 0-5-50")
Composites Division

34 Smith Street

Norwalk, CT 06852

Peabody Noise Control, Inc.
("Cousticomposite 0-5-50")

(formerly Consolidated Kinetics Corporation)
6300 Irelan Place

P.0. Box 655

Dublin, OH 43017

Korfund Dynamics Corporation ("Sound-Eaze TLB-M")
P.0. Box 235

Contiague Road

Westbury, Long Island 11590

Vulcan Iron Works, Inc. ("Decelflo")
2909 Riverside Drive
Chattanooga, TN 37406

Donaldson Co., Inc.
1400 W. 94th Street
Minneapolis, MN 55440

Burgess Industries i
8101 Carpenter Freeway
Dallas, TX 75247

Peabody Noise Control, Inc. (“Coustidamp")
(formerly Consolidated Kinetics Corporation)
6300 Irelan Place

P.0. Box 655

Dublin, OH 43017 1

The Soundcoat Company, Inc. ("DYAD")
175 Pear1 Street
Brooklyn, NY 11201

Ear Corporation (“C-2003")
7911 Zionsville Road
Indianapolis, Indiana 46258
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ACOUSTICAL CURTAIN:

Peabody Noise Control, Inc. (“Flexoply")
(formerly Consolidated Kinetics Corporation)
6300 Irelan Place

P.0. Box 655

Dublin, OH 43017

Lord Corporation
1635 W. 12 Street
Erie, PA 16512

Singer Safety Products ("Sound Stopper")
444 N. Lake Shore Drive
Chicago, Il1linois 60611
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APPENDIX E

| Nomenclature

Ambient sound levels - The surrounding sound associated with a given

environment, usually a composite of sound from many sources.

Amortized costs - Costs written off by prorating the costs over a fixed period.

o ‘.':,2,
P

U A
e Ao e e

Anvil - The base surface onto which the pile driver hammer falls.

A-weighted-sound level - A weighted sound level, obtained by the use of
metering characteristics and the weighting, A, specified in the latest
revision of American Standard Sound Level Meters for Measurement of Noise and
Other Sounds, 724.3, 1944. The A-weighted network is used to account for the
human ear's decreased sensitivity to low frequencies at normal sound levels.

il
Sl

Y

Bonnet - Anything used as a protective covering to prevent the piles from being 1
damaged by the hammer; same as a "helmet."

Cofferdam - A watertight, temporary structure fixed in the bottom of a river,
lake, etc., to keep out water during the progress of work on a site.

Decibel - A unit of level when the base of the logarithm is the tenth root of
ten, and the quantities concerned are proportional to power. This unit is
used for measuring the volume of a sound, equal to the logarithm of the ratio
of the intensity of the sound to the intensity of an arbitrarily chosen
standard sound.

Equivalent sound levels - The average sound level for any given period of time
which is equal to the total energy level due to a fluctuating sound level for
the same period of time; a means of assigning a value to varying noise levels
over a given period of time; also called "equivalent continuous sound level."
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